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Background: Anomalous origin of coronary artery (AOCA) has been described by coronary
angiography or autopsy. However the actual prevalence of such abnormalities is unknown. Multi-
detector computed tomography (MDCT) offers the possibility to visualize AOCA non-invasively.
The purpose of this study was to report the prevalence AOCA by MDCT.
Methods and results: In 5869 consecutive subjects who underwent coronary MDCT (AquilionSingle coronary artery 64, Toshiba Medical Systems Corporation, Otowara, Japan) at one center, the prevalence of
AOCA was 89 (1.52%) patients. The most common abnormality (33 cases, 0.56%) was the origin
of the coronary artery or branch from the opposite or non-coronary sinus. The right coronary
arteries (RCA) arising from the left coronary artery sinus (LCS) was observed in 27 cases (0.46%).
Vascular cross-sectional area of such RCA arising from LCS was signiﬁcantly smaller in 11 patients
nts without symptoms [3.02 (1.68—7.67) mm2 vs 5.93 (2.54—12.04)with angina than in 10 patie
mm2 p < 0.05]. The left coronary artery arising from the non-coronary sinus was observed in 2
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cases (0.03%), and the left anterior descending coronary artery (LAD) or left circumﬂex coronary
artery (LCX) arising from the right coronary sinus was observed in 4 cases (0.07%). Single coronary
arteries were found in 5 cases (0.09%). Fifteen patients (0.26%) presentedmultiple coronary ostia,
all of 15 (0.26%) had the LAD and LCX separately arising from the left coronary sinus. High take
off was found in 36 cases (0.60%).
ately
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stenotic lesions, 11 had anginal symptom while 10 were
asymptomatic. There was no signiﬁcant difference in the
age and gender and in oblateness between the two symp-Conclusion: MDCT can accur
© 2011 Japanese College of C
ntroduction
he prevalence of coronary abnormalities is reported to be
pproximately between 0.3% and 1% [1—5]. Most coronary
nomalies are asymptomatic, and the prognosis is said to be
ood. However, these anomalies are said to be associated
ith sudden death and ischemic heart disease, particularly
n athletes and young adults [6—11]. According to the Sud-
en Death Committee of the American Heart Association,
p to 19% of sudden death in athletes could be related to
oronary artery anomalies [12]. A study reported that 51% of
oung adults who experienced non-traumatic sudden death
ad cardiac abnormality, 61% of which were coronary artery
nomalies [13].
Conventionally, coronary artery anomalies were diag-
osed by coronary angiography and autopsy. The recent
dvances in multi-detector row computed tomography
MDCT) technology have allowed this technique to become
he method of choice for screening for detecting coronary
rtery anomalies.
The purpose of the present study was to report the preva-
ence of anomalous origin of coronary artery (AOCA), in a
onsecutive series of patients undergoing 64-slice MDCT.
ethods
ubjects
etween July 13 2005 and July 6 2009, 5869 consecutive
atients (65.9± 11.5 years old: male/female 3186/2683)
ho underwent coronary 64-slice MDCT angiography at our
enter for suspected coronary artery disease due to chest
ymptoms or other reasons such as one or more coronary risk
actors, electrocardiogram (ECG) abnormality, or preopera-
ive evaluation. Indications for MDCT were: chest symptoms
n 2938 patients, abnormal rest ECG in 1046 patients, fol-
ow up after percutaneous coronary intervention (PCI) or
oronary artery bypass graft (CABG) in 1131 patients, and
reoperative evaluation in 204 patients. The prevalence of
OCA was investigated by classiﬁcation.
For the right coronary (RCA) artery arising from the left
oronary arterial sinus, we report the presence or absence of
nginal symptoms and the presence or absence of signiﬁcant
tenotic lesions observed in MDCT. We also measured the
adius of long andminor axis of the RCA that were considered
o be the visually ﬂattest in curved multiplanar reconstruc-
ion image and short-axis image (Fig. 1). The oblateness and
he vascular cross-sectional area were calculated by the fol-
owing formulas using the above radius of long and minor
xis.
1 − b
blateness =
a
. Vascular cross sectional area
= ab3ab
: radius of long axis, b: radius of minor axis
t
0
w
t
mdetect and characterize the type of AOCA.
ology. Published by Elsevier Ltd. All rights reserved.
With the single coronary artery, more detailed classiﬁ-
ation was performed based on the report by Shirani and
oberts [14].
DCT protocol
canning was performed using an MDCT scanner (Aquilion
4, Toshiba Medical Systems Corporation, Otowara, Japan),
sing a dual ﬂow injector (Stellant Dual Flow, Nihon Medrad
.K., Osaka, Japan) after injection of 60—80 cc contrast in a
-phase injection protocol. Scanning was performed using a
ube voltage of 120 kV (for patients <70 kg) or 135 kV (for
atients ≥70 kg), a tube current of 400—600mA, a tube
otation speed of 0.35, 0.375, 0.4, or 0.45 s/rot., a helical
itch of 8.0—11.2 (beam pitch: 0.125—0.175), a scan slice
hickness of 0.5mm× 64 rows, an image slice thickness of
.5mm, and a reconstructed interval of 0.3mm. When heart
ate was >60 BMP, patients were premedicated with either
5mg atenolol orally or 2—10mg propanolol IV.
Images were reconstructed on a 3D workstation (Zio
900, Ziosoft, Tokyo, Japan) to generate 3-D (volume ren-
ering) and curved planar reconstruction (CPR) images.
tatistical analyses
tatistical analyses were performed using SPSS 11.0 for Win-
ows (SPSS Japan Inc., Tokyo, Japan). Data are expressed
s median (minimum—maximum) and the mean± standard
eviation. The unpaired Student’s t test (for age value) or
ann—Whitney’s U test (for oblateness and vascular cross-
ectional area values) or chi-square tests (for gender value)
ere employed for comparisons between groups.
esults
OCA were observed in 89 cases (1.52%). All cases were
OCA from the aorta. No case of AOCA from the pulmonary
rtery (ALCAPA) was found.
Details of AOCA are shown in Table 1.
The most common abnormality (n = 33, 0.56%) was abnor-
al origin of the coronary artery or branch arising from an
pposite or non-coronary sinus. Among these, the most com-
on type (n = 27, 0.46%) was an ectopic RCA arising from
he left coronary sinus. All 27 cases were of an interarte-
ial type, where the RCA runs between the aorta and the
ulmonary artery. An example is shown in Fig. 2. Clinical
etails, symptoms, and coronary diameters of these patients
re given in Table 2. In 21/27 patients without signiﬁcantomatic and asymptomatic patients [0.52 (0.26—0.75) vs
.52 (0.09—0.71) p =NS]. Yet, vascular cross-sectional area
as signiﬁcantly smaller in the patients with anginal symp-
om than in patients without symptoms [5.93 (2.54—12.04)
m2 vs 3.02 (1.68—7.67) p < 0.05] (Table 3). Other types of
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tFigure 1 How to measure the radius of long and minor axis of
the RCA were measured in short-axis image which were conside
image. RCA; right coronary artery.
AOCA were the left coronary artery (LCA) arising from the
non-coronary sinus 2 (0.03%) and the left anterior descend-
ing coronary artery (LAD) or left circumﬂex coronary artery
(LCX) arising from right coronary sinus (n = 4, 0.07%). Five
(0.09%) cases had a single coronary artery and 15 (0.26%)
had multiple coronary ostia, all of 15 (0.26%) had the LAD
and LCX separately arising from the left coronary sinus.
The second most common abnormality was abnormal high
take off of coronary artery (n = 36, 0.60%)
The third most common abnormality was single coronary
artery. An example is shown in Fig. 3. According to the clas-
siﬁcation by Shirani and Roberts [14], one case was classiﬁed
as type IA, 2 were type IB1, and 2 were type IIB3. Of these 5,
3 did not have signiﬁcant stenosis. Of these 3, 2 had anginal
symptoms and 1 had abnormal stress ECG.
DiscussionThe prevalence of AOCAs was investigated in consecutive
5868 patients who underwent MDCT at a single facility.
AOCAs were observed in 89 (1.52%) patients. The preva-
lence in the present study seemed to be higher than that
w
o
d
t
p
Table 1 Prevalence of anomalous origins of the coronary artery b
Anomalous origin of the coronary artery 89 cases (1.52%)
1. Anomalous origin of the coronary artery from the aorta 89 cases
A. Origin of the coronary artery or branch from the opposite or n
(1) RCA arising from the left coronary sinus 27 cases (0.46%)
(2) LCA arising from the right coronary sinus 0 case (0.00%)
(3) RCA arising from the non-coronary sinus 0 case (0.00%)
(4) LCA arising from the non-coronary sinus 2 cases (0.03%)
(5) LAD or LCX arising from the right coronary sinus 4 cases (0
B. Single coronary artery 5 cases (0.09%)
C. Multiple coronary ostia 15 cases (0.26%)
(1) LAD and LCX separately arising from the left coronary sinu
D. High take off 36 cases (0.60%)
2. Anomalous origin of the coronary artery from the pulmonary ar
RCA, right coronary artery; LCA, left coronary artery; LAD, left anterioright coronary artery (RCA). The radius of long and minor axis of
to be the visually ﬂattest in curved multiplanar reconstruction
n the past reports in Japanese patients by MDCT [15].
ne of the reasons might be that patients with high take
ff were also included in the present study. Classiﬁcations
nd clinical signiﬁcance of anomalies of the coronary arter-
es have not been established completely. Most reports on
OCA also included anomalies of course, such as myocardial
ridging and duplication of arteries, or anomalies of ter-
ination, such as coronary artery ﬁstula, coronary arcade,
nd extracardiac termination. In consideration of said cir-
umstances, the prevalence in the present study seems to
e higher than that in the past reports [1—5]. Reasons for
he higher ﬁgure were thought to be as follows. One reason
s that coronary artery anomalies in the past reports were,
xcept for autopsy cases, diagnosed by coronary angiogra-
hy, the diagnostic capacity of which may be lower than
DCT which can offer three-dimensional information. In
act, studies reported that coronary angiography could iden-
ify between 31% and 55% of coronary artery anomalies that
ere diagnosed by MDCT [16—18]. Another reason is that as
ur MDCT was performed in most cases for the purpose of
iagnosis of ischemic heart diseases, subjects differed from
hose in autopsy reports. It is possible that results of the
resent study are inﬂuenced by the ﬁnding of the associa-
y classiﬁcation.
(1.52%)
on-coronary sinus 33 cases (0.56%)
.07%)
s 15 cases (0.26%)
tery 0 case (0.00%)
descending coronary artery; LCX, left circumﬂex coronary artery.
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Figure 2 (A) Case 1 RCA arising from the left coronary sinus (interarterial type) before performing PCI. The patient was a 19-
year-old male with chief complaint of chest oppression at exertion. Although detailed tests conducted at another hospital found
no abnormality, the symptoms continued. The patient underwent MDCT at our hospital, which revealed the RCA arising from the
left coronary sinus. Left side of ﬁgure shows volume rendering of coronary anomaly. Right side of ﬁgure shows curved MPR and
cross-sectional view of RCA. The portion of RCA between the aorta and the pulmonary artery was compressed ﬂat (arrow). (B) MDCT
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emage of the anomaly after performing PCI, showing RCA arisin
as thought to be the cause of the chest oppression, a stent was
nd the compression on the RCA was removed (arrow). The sym
omputed tomography; PA, pulmonary artery; RCA, right corona
ion between AOCA and ischemic heart disease. However,
one in the present study had the AOCA from the pulmonary
rtery as seen in diseases such as Bland-White-Garland syn-
rome. Whereas most of these diseases manifest symptoms
n infancy and childhood [19], subjects in the present study
ere adults who were seen for the diagnosis of ischemic
eart diseases.rigin of the coronary artery or branch from the
pposite or non-coronary sinus
rigin of coronary artery arising from the opposite sinus are
lassiﬁed into four, which are: (1) interarterial (between
p
n
a
b
im the left coronary sinus (interarterial type). As the condition
rted into the portion. The stent remained without deformation,
ms disappeared subsequently. Ao, aorta; MDCT, multi-detector
rtery; PCI, percutaneous coronary intervention.
he aorta and the pulmonary artery); (2) retroaortic; (3)
repulmonic; and (4) septal (subpulmonic) [20,21]. The
nterarterial type which runs between the aorta and the
ulmonary artery is particularly important clinically as it
s said to be associated with sudden death and ischemic
eart disease [22—27]. Mechanisms are explained that the
stium of the aberrant vessel bifurcates sharply at an
cute angle from the aorta, becoming slit-shaped, and at
xertion, the aorta and the pulmonary artery expand as
ressure of both vessels increases, compressing the coro-
ary artery that runs between the two vessels [28]. Coronary
rteries with anomalous origin are also said to have unsta-
le hemodynamics which cause blood ﬂow turbulence and
njury to vascular endothelium and may lead to arte-
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Figure 3 (A) Case 2 single coronary artery (IA). The patient was a 45-year-old male. MDCT was performed as part of detailed tests
for chest pain and revealed a single coronary artery of type IA in Shirani classiﬁcation. There also was a signiﬁcant stenotic lesion
in the LCX. PCI was performed for the lesion. Because the anomaly of the coronary artery was known in advance, it was easier
to insert catheter and do the PCI for the angiographer. As a result, radiation exposure and the dose of contrast medium could be
reduced. (B) Case 3 single coronary artery (IB-1), Case 4 single coronary artery (IIB-3). The ﬁgure shows volume rendering of single
coronary artery (IB-1 and IIB-3). The patient in case 3 was a 75-year-old male. The patient in case 4 was a 74-year-old female. LCX,
left circumﬂex coronary artery; MDCT, multi-detector computed tomography; PCI, percutaneous coronary intervention.
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Table 2 Clinical characteristics of all patients with the right coronary artery arising from the left coronary sinus (interarterial
type).
Patient number Age Gender Anginal symptom Oblateness Cross-sectional area (mm2) Signiﬁcant lesion
1 47 M + 0.6 2.7 +
2 49 F + 0.52 1.76 −
3 65 M − 0.67 2.54 −
4 52 F − 0.29 5 −
5 61 M + 0.66 1.8 −
6 19 M + 0.71 1.68 −
7 59 M − 0.26 7.18 −
8 74 F + 0.4 7.48 −
9 38 F + 0.45 3.12 −
10 61 M + 0.63 4.57 −
11 60 F − 0.5 3.47 −
12 58 F + 0.34 12.38 −
13 64 F − 0.54 6.86 −
14 72 F + 0.54 2.91 −
15 77 M − 0.15 5.4 −
16 74 M − 0.31 7.67 −
17 75 F − 0.09 3.02 −
18 77 F + 0.52 6.27 −
19 55 F + 0.7 2.41 −
20 77 M − 0.32 5.1 +
21 73 F − 0.16 6.47 −
22 54 M + 0.57 3.94 +
23 79 M + 0.57 3.94 +
24 66 M + 0.6 7.5 −
25 74 M + 0.71 2.63 +
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iosclerosis [29]. There may be an association with spasm
30,31].
In the present study, 29 were found to have the coro-
ary artery arising from the opposite sinus, 27 of which
ere the RCA arising from the left coronary sinus. All 27
ere the interarterial type, that is, the RCA runs between
he aorta and the pulmonary artery, corresponding with a
ast report that the interarterial type was the most preva-
ent [4]. As it was reported that nearly 30% of the type
ere associated with sudden death, the type is clinically
mportant [22]. In the present study, 21 out of the 27 cases
ithout signiﬁcant stenotic lesion were investigated for the
ssociation between anginal symptom and the oblateness,
ascular cross-sectional area. The vascular cross-sectional
rea was signiﬁcantly smaller in the anginal symptom (+)
roup. It is possible that the symptoms did not necessarily
eﬂect myocardial ischemia, because whether or not angi-
al symptoms were due to myocardial ischemia had not
een conﬁrmed by tests such as stress myocardial perfusion
n
N
o
w
s
Table 3 Comparison of clinical characteristics between angina (+
Angina (−) group (n
Age (years old) 62.3± 5.83
Gender (male/female) 5/5
Oblateness 0.52 (0.26—0.75)
Vascular cross-sectional area (mm2) 5.93 (2.54—12.04)4.32 −
8.28 +
cintigraphy. The coronary ﬂow reserve may be determined
y not only vascular cross-sectional area, but also the length
f stenosis. Moreover, it is possible that spasm and some
ther factors affect anginal symptoms and sudden death.
urther studies are needed for interpretation of the results
f the present study. In one case, anginal symptoms disap-
eared after insertion of a stent into the portion of the RCA
hat was compressed by the aorta and the pulmonary artery,
uggesting that said treatment should be considered for
nginal cases in which narrowing of vascular cross-sectional
rea was recognized non-invasively by MDCT. The clinical
igniﬁcance of each case needs to be elucidated in follow-
p.
The prevalence of the LCA arising from the right coro-ary sinus is reported to be between 0.09% and 0.11% [27].
one of our subjects was found to have the anomalous
rigin. The reason is unclear. The anomaly was associated
ith 81% of events occurring during exercise and 59% of
udden deaths [32]. In many of these cases, symptoms
) group and angina (−) group.
= 10) Angina (+) group (n = 11) p-Value
60.9± 19.0 NS
4/7 NS
0.52 (0.09—0.71) NS
3.02 (1.68—7.67) p < 0.05
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[Prevalence of anomalous origin of coronary artery detected
appeared at a relatively young age and were possibly already
identiﬁed.
As for the LAD or LCX arising from the right coronary
sinus, LCX arising from the right coronary sinus has not
been associated with coronary sudden death and ischemic
heart disease. LAD arising from the right coronary sinus
takes either interarterial or prepulmonic course. Interarte-
rial type may be associated with coronary sudden death and
ischemic heart disease because of compressing the LAD that
runs between the aorta and the pulmonary artery.
Single coronary artery
Single coronary artery is relatively rare among anomalies of
the coronary artery and the prevalence is said to be between
0.024% and 0.044% [33]. The prevalence in the present study
was 0.09%, a little higher than the previous reports. Shi-
rani and Roberts classiﬁed into detailed 20 types, of which
type IA was reported to be the most prevalent [14]. Recently
unusual pattern of single coronary was also reported [34].
In the present study, 1 case was type IA, 2 in IB1, and 2
in IIB3. Approximately 40% of cases with the single coro-
nary artery were said to have congenital heart disease [35].
There was none in the present study. The reason appears to
be that most of subjects in the present study were adults
seen for the purpose of diagnosis of ischemic heart dis-
ease. Although, in general, most patients are asymptomatic
and the prognosis is said to be good [36], there are reports
of cases associated with ischemic heart disease or sudden
death [21,37]. The mechanism is proposed as follows. When
the origin of the coronary artery is on the opposite side to its
perfusion region, branches turn in acute angle at the base
of the heart. The portion corresponding to the left coronary
main trunk artery is longer with a narrower vascular diam-
eter. Depending upon how the coronary artery runs, it may
be squeezed among cardiac muscles or compressed between
the aorta and the pulmonary artery. Because ﬂow load on
one coronary artery is great, endothelial injury advances.
In the present study, 2 out of 3 cases without signiﬁcant
stenotic lesions had anginal symptoms. However, ischemia
could not be conﬁrmed by tests such as stress myocardial
perfusion scintigraphy. Further progress should be followed
up in observation of the ostium and course of the coronary
artery.
Multiple coronary ostia and high take off
In the present study, multiple coronary ostia were observed
in 15 cases, all (15 or 0.26%) of which were the LAD and
LCX separately originating from the left coronary sinus. The
prevalence of the anomaly is reported to be 0.41% [38]. The
prevalence in the present study is little lower than the pre-
vious reports. The reason for the lower incidence in the
present study is unclear. High take off is deﬁned as usual
that the coronary artery originates at higher points than the
junctional zone between the sinus and the tubular part of
the ascending aorta. Although either of anomalous origins is
said to be clinically non-problematic, catheter insertion in
coronary angiography is often very difﬁcult. If the condition
is diagnosed by MDCT in advance, radiation exposure and
dose of contrast medium on patients could be reduced.Future prospects
AOCA has been classiﬁed in detail by coronary angiogra-
phy and autopsy. Some anomalies have been associatedulti-detector computed tomography at one center 75
ith sudden death and ischemic heart disease particularly
n young adults and athletes. Coronary angiography and
utopsy restrict the number of cases to be indicated. Recent
nstrumental advances in MDCT makes it possible to reduce
he dose of contrast medium and radiation exposure, sug-
esting that MDCT can be used for screening and follow-up
f patients with anomalous coronary arteries. Findings may
ead to detailed classiﬁcation and elucidation of clinical sig-
iﬁcance of AOCA. Further risk classiﬁcation is expected to
e done.
onclusion
OCA has been associated with ischemic heart disease and
udden death particularly in athletes and young adults.
creening of the anomaly is important. Recent instrumental
dvances in MDCT have realized the reduction of imaging
ime, dose of contrast medium, and radiation exposure.
DCT could be used for non-invasive diagnosis of AOCA and
s expected to become a useful tool for the elucidation of
he clinical signiﬁcance of the condition and management
valuation of patients.
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